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Studies from the Institute of Pathology
A CASE OF DIPHTHERIA
CASE XI-A3054.
CLINICAI HISTORY.
Tint patient, a boy of 13 years, had had pain and swelling in the throat for about
three days. This was thought to be mumps. He had also a "septic" finger. The
advice of a chemist was sought, and treatment was advised. Later a medical
practitioner who was summoned in haste could only pronounce life extinct.
POST-MORTEM.
The body is that of a male child of normal development for the age given.
Subcutaneous fat is rather scanty, but the skin is clean and there is no evidence
of ill-treatment or neglect. There is an insignificant paronychial infection of one
finger of the left hand. Oedema and abnormal pigmentation are absent. Lymph-
glands in the axillae, groins, and neck are not palpable. The neck is greatly
swollen, and on incising it, considerable quantities of cedema fluid pour from the
subcutaneous tissues and from between the fascial planes. Rigor mortis is estab-
lished, and post-mortem lividity is normally distributed.
Serous cavities.-The right pleural cavity is obliterated by dense fine adhesions.
The left contains only a slight excess of clear yellow fluid. The pericardial sac is
normal, and there is no excess of free fluid and no adhesions in the peritoneal
cavity. Only a few petechial hamorrhages are visible beneath any of the serosa.
Left lung.-This is uniformly congested throughout. In the middle of the upper
lobe, situated well below the pleura, there is a circular area of caseation almost
1 cm. in diameter. It is closely related to a much smaller but better calcified area
slightly nearer the pleura. No satellite tubercles are visible. Changes in the hilar
lymph-glands are not evident.
Right lung.-A small and entirely calcified nodule is present in the upper lobe.
No lesion, old or recent, can be demonstrated in relation to the pleura, which is
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lung, especially in the lower lobe, there are small areas of consolidation. The
largest is about the size of a pea. They are a darker red than the surrounding
lung, and in them the alveolar pattern is obscured. The mucosa of the bronchi of
both lungs is deeply congested.
Heart.-This is of normal size and the normal proportions are observed between
the different chambers. The epicardium shows only a very few small petechial
haemorrhages. The ventricular muscle is soft, pale in colour, and its pattern
slightly indistinct. An area beneath the endocardium of the left ventricle is thickly
beset with multiple subendocardial haemorrhages. These lie chiefly in the septal
wall, and extend over a distance of almost 4 cm. and to within 2 cm. of the aortic
valve. They tend to become confluent in some areas-. The endocardium is smooth
and the valves are normal and free from vegetations or thickenings.
Large and small intestine.-These present no abnormality, and the lymph-glands
of the mesentery are not enlarged.
Stomach and duodenum.-The mucosa is congested and shows numerous
petechial haemorrhages, but no ulceration or membrane formation. The wall of
the stomach is slightly thickened and (edematous.
Pancreas.-The acinar tissue is well defined.
Liver.-This is normal in size, and the lobular pattern is preserved in spite of
some pallor. There is no congestion or fatty change.
Spleen.-The capsule is wrinkled and the organ is only very slightly enlarged.
In the dark-red pulp, fibrous trabeculae are more prominent than malpighian bodies.
Some minute white areas are surrounded by narrow zones, which are a darker red
than the neighbouring pulp.
Kidneys.-Both are normal in size, and the cortex and medulla preserve their
normal relations and architecture. The capsular surfaces are smooth. Ureter,
bladder, and prostate are normal.
Suprarenals.-The cortex and medulla are well preserved and the glands are
not unduly congested.
Aorta.-There are a few small yellow subendothelial fatty streaks in the intima
running in the long axis of the vessel.
Tongue, soft palate, pharynx, larynx, and, trachea.-These have been removed
together. There is very marked swelling and cedema, especially of the soft palate,
uvula, and pillars of the fauces. A finger can scarcely be passed from the mouth
into the pharynx. By cutting through the faucial pillars, the palatine tonsils, the
epiglottis, and pharynx are displayed (fig. 1). Here also there is marked cedema,
and some epithelial folds are obliterated. In the larynx there is narrowing, but
not complete occlusion of the air-way. A rough greyish membrane, necrotic in
parts, extends over the soft palate, the faucial pillars, the tonsils, the epiglottis,
and the front of the pharynx downwards into the pyriform recess. In the larynx it
is more patchy, but it covers the false vocal chords and extends almost to the true
vocal cords and ventricles. Over the soft palate and almost necrotic uvula the
membrane is firmly adherent. The tonsils show grey necrotic, but not hwmorrhagic,
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epiglottis, and especially in the larynx, the membrane is most easily detached, and
on the dorsum of the epiglottis it exists only as irregular islands. The lower part
of the larynx and trachea are extremely congested, but no membrane and no
ulceration is present.
Deep struictutres of the neck.-Conisiderable quantities of cedema fluid escape as
subcutaneous and fascial planes are incised, and it is extremely difficult to be sure
of its original distribution. Most of the deep muscles of the neck appear somewhat
swollen. Lymph-glands are very little enlarged, but are redder than normal. The
thyroid is normal.
HISTOLOGICAL EXAMINATION.
Left lutng.-The alveolar walls are only slightly congested and the alveoli contain
no exudate. Surrounding the area of caseation in the upper lobe there is a very
abundant and dense fibrous tissue reaction with some infiltration by small mono-
nuclear cells. Very occasional follicles composed of large mononuclear leucocytes
and sometimes giant cells are present. Extending outwards from this there are
several similar, but smaller, areas of caseation surrounded by less fibrous tissue.
The lesion is nowhere in an active phase.
Righ.t lung.-In very small, but irregularly-shaped, areas the alveolar walls are
indistinct, or even necrotic. They separate alveoli packed with red blood-cells and
with white blood-cells often present only in their normal haemic proportions. A
haemorrhagic exudate containing polymorphonuclear leucocytes is present in some
of the bronchi, but there is no fibrinous exudate in relation to the epithelium.
Heart.-The heart-muscle fibres show no demonstrable degeneration, and no free
fat is present. There are no abnormal cells in the interstitial tissue, and the mitral
valve is normal.
Liver.-The columns of liver cells around the central vein of each lobule appear
somewhat narrowed from cedema between them and the sinusoidal wall. Nuclear
and cytoplasmic detail is preserved, and fatty change is negligible.
Spleen.-The pulp is moderately congested. The large clear cells of the germinal
centres, or secondary nodules, are indistinguishable. Instead, there are pale,
eosinophilic masses containing strands of fibrin and showing pyknotic nuclei and
chromatin fragments. These are situated to one side of the arteriole, but some-
times surround it and often occupy the greater part of the malpighian body.
Around the larger of them the splenic sinusoids are congested (fig. 2).
Kidney.-A few of the glomeruli may appear slightly cellular, but polymorpho-
nuclear leucocytes and fibrin thrombi are absent. The convoluted tubules show an
excessive degree of cloudy swelling. Droplets of free fat are absent. In the lumen
of some tubules, especially the collecting tubules, there is homogeneous eosino-
philic material, but no red blood-cells. Similar material can be seen in a few
glomerular spaces. No mononuclear cells are present in the interstitial tissue.
Suprarenals.-These are normally developed and show no degeneration.
Thymus.-This does not show any distinctive lesion. Mononuclear-cells are not
degenerating. Uninuclear eosinophil-cells are fairly common.
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In the centres of some of the ill-defined follicles there is some proliferation of large
eosinophilic mononuclear-cells. Some of these appear to contain nuclear debris,
others show early necrosis. In the glands of the lung-hilum, the large endothelial-
cells of the sinusoids are prominent, but these show no necrosis. Glands draining
the affected area show infiltration of their peripheral sinuses and pericapsular
tissues by polymorphonuclear leucocytes. The greater part of these glands is
occupied by large follicles, which are nearly all necrotic and infiltrated by poly-
morphonuclear leucocytes.
Aorta.-There is no necrosis or disruption of the elastic pattern of the media.
Soft palate, tonsil and related structures.-The epithelial-cells of the greater
part of the area covered by membrane are almost entirely necrotic. They are
replaced by a reticulate or fenestrate arrangement of fibrin (fig. 3). Nuclear debris
can sometimes be recognised in the spaces of this, but retrograde changes such as
multiplication of nuclei, vacuolation of cytoplasm, and fragmentation of nuclei can
onlv very rarely be distinguished. A fine fibrin reticulum around the epithelial cells
-the so-called fibrinous membrane-is very rarely seen. In many areas the necrotic-
cells, epithelial and inflammatory, have fused intimately with the fibrin, which thus
appears as a reticulum with thick broad beams enclosing small spaces-the so-called
hyaline reticulum. In many other areas there is necrosis and liquefaction, and the
membrane has been destroyed or its pattern disrupted. In the tonsils, extensive
necrosis has occurred in relation to much of the lymphoid-tissue. These necrotic
areas are infiltrated by polymorphonuclear leucocytes, but the escape of fibrin or
large numbers of red blood-cells is not a prominent feature. Inflammatory cells,
polymorphonuclear leucocytes and mononuclear leucocytes, and red blood - cells
contribute to the formation of the membrane, but it is rarely possible to identify
them. In the subcutaneous tissues, strands of varying thickness permeate between
connective tissue-cells, and around the wall of many small blood-vessels hyaline
fibrinoid change is frequent (fig. 4). Oedema fluid, especially marked in the uvula,
separates connective tissue elements and the underlying muscle-fibres. Inflam-
matory-cell infiltration is remarkably slight even at only a little distance beneath
the lesion, and muscle-cells may show preservation of architecture, even when still
separated by much oedema fluid. Bacterial aggregates are present on the surface,
but do not extend into the underlying tissues.
BACTERIOLOGY.
Corynebacterium diphtheriae of the mitis type were isolated from the larynx and
lung. The spleen was sterile.
ANATOMICAL DIAGNOSIS.
Diphtheritic infection with extensive membrane formation on palate, tonsils, faucial
pillars, anterior wall of pharynx, epiglottis, and tipper larynx.
Oedema of deep structures of the neck.
Hamorrhagic pneumonia right lung.
Necrosis of proliferating secondary germinal follicles of lymph-nodes and spleen.
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hoemorrhages septal-wall of left ventricle.
Toxic changes in kidney with albuminous material in tubules.
COMMENTARY.
The lesions described have resulted from an infection by C. diphtheriae. No
treatment was given, but essentially similar lesions have been seen in other cases
receiving antitoxic serum late in the disease.
In diphtheria, local and general lesions can be distinguished. The local lesion,
or diphtheritic membrane may be small, but a toxin, or probably several toxins,
carried from it by the blood may damage many different tissues of the body. The
disease-process may be further complicated by other coincident infections, especially
streptococcal.
The toxin production may vary somewhat with different strains of infecting
organism. As the toxin is of importance locally, as well as generally, in that it
damages the epithelium, and is thus instrumental in the production of the membrane,
it is of very special significance. The development and severity of the disease
depend on the resistance of the host. We are fortunate in that we are able to
measure the extent to which the body can neutralise the toxin, and thus approach
nearer to a measure of the patient's immunity than is possible in almost any other
infection where immunity usually depends on complex mechanisms, resulting in the
destruction of bacteria. When a somewhat arbitrary amount of toxin injected
intradermally is neutralised and no local damage results (Schick test negative), we
can conclude that the body is unlikely to be damaged by C. diphtheriae.
When the infection has become established, the site as well as the extent of the
membrane exerts an influence on the outcome. This is reflected in the observation
of Mallory (1908) on 148 cases dying while the distribution of the membrane was
evident. Clinically, by far the greater number of cases show membrane on the
tonsils, soft palate, or uvula. Primary involvement or spread to the larynx is rare.
In these 148 fatal cases, memnbrane was situated on the larynx in 86, on the tonsils
in 74, in the trachea in 73, on the epiglottis in 67, in the bronchi in 44, on the
mucous membrane of the nares in 43, on the soft palate, including the uvula, in 15,
in the cesophagus in 12, on the tongue in 9, in the stomach in 5, in the duodenum
in 1, on the vagina in 2, on the vulva in 1, on the skin of the ear in 1, and on the
conjunctiva in 1. Such figures also serve to show how widespread the lesions of
diphtheria may be. Infection of a granulating wound is very rare, but may be
mentioned.
A diphtheritic membrane is in no way specific for infection by C. diphtheriae. A
similar false membrane can follow the action of many bacteria, such as those of
the dysentery group and streptococci. Many poisons, including alkalies and acids
and the salts of heavy metals, also lead to damage of overlying cells and excite the
outpouring of fibrin between the epithelial cells, or where epithelium is absent
around the leucocytes and necrotic connective tissue.
The formation of the membrane can be explained as due to the escape of fibrin
precuirsors from the blood. Fibrin is deposited around and on the surface of
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is probable that organisms first grow on the epithelial surface and produce degen-
eration of the epithelium by their toxins. Necrotic tissue and fibrin later provide
a favourable medium for growth and toxin production. Bacterial growth in the
tissue deep to the membrane is slight, and spread in the adjacent tissues or
throughout the body is very uncommon. McLeod et al. (1939) failed to recover
the organisms from the spleen in any of their fifty-one cases. Deep infection of
the lung is, however, common.
In the trachea and bronchi the lesions are largely the result of direct spread. A
stratified cylindrical epithelium lines the lower part of the larynx, the trachea, and
bronchi. If involved, these cells, surrounded by their fibrin feltwork, separate early
from their basement membrane and before the membrane becomes continuous with
the fibrin meshwork in the underlying connective tissue. They thus contrast with
squamous epithelium. This process is perhaps aided by the mucous-gland secretions
which are poured out between the membrane and the wall. Large pieces of
membrane may thus separate. In a child of 21 years (A2744), a large and perfect
membranous cast of the trachea and of the large bronchi was removed by suction
two days before death.
Pneumonic changes in the lung are frequent, and this is especially so when the
larynx or trachea are involved. Broncho-pneumonia, terminal hypostatic and
haemorrhagic forms are recognised. A variety of organisms may be found. Mallory
in bacterial examination of the lungs of 104 cases found the diphtheria bacillus in
69, streptococcus pyogenes in 67, staphylococcus aureus in 37, and the pneumo-
coccus in 10. Mixed infections are thus common, and their significance is often
doubtful. The haemorrhagic form of pneumonia is of special interest. In patchy
areas of dark-red colour, the alveoli are packed with red blood-cells in about the
normal haemic proportions. There may be a purulent bronchiolitis and an inflam-
matory exudate in other areas, but the part played by infection is very uncertain.
McLeod et al. describe three examples: one with gravis and two with intermedius
infections. The lesions were evident in the present case, and in another case
(A2427), also due to a mitis infection, they were even more marked. Areas of
terminal pneumonia resulting from aspiration of gastric contents may sometimes
be difficult to distinguish microscopically from such haemorrhagic lesions. They
are usually more irregular in outline and softer, and the larger bronchi also contain
aspirated gastric contents.
A great variety of lesions result from the circulating toxin. In the .spleen and
lymphoid tissue generally, it may be difficult to find reticulum cells in the secondary
germinal centres which have not undergone a fibrinoid necrosis. This is usually
preceded by some proliferation of these large mononuclear cells. A similar change
has been seen not infrequently in scarlet and rheumatic fever and other severe
infections. Significant changes in the liver were absent in the present case. Where
present they are in no way specific. Necroses may be focal, but are often central.
They occur fairly frequently. In the kidney, cloudy swelling of tubular epithelium
and some prominence of the endothelial cells of the glomeruli may occur along with
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but changes in the heart-muscle cells are difficult to appreciate. In few organs is
it more difficult to infer function from structure. Hyaline degeneration is very
rare and occurs late in the disease. Aggregates of mononuclear cells may be
present in cases which also show acute interstitial nephritis. Limited to the heart,
they may be of some significance. They have been seen in a patient (A2399) who
developed triple rhythm and ascites and who died in the third week. However,
the sudden cardiac failure of diphtheria appears to result from a peculiar instability
of the vasomotor system.
The petechial submucosal haemorrhages in the stomach and the occasional sub-
epicardial hemorrhages were very terminal events, and probably resulted from
toxic damage to capillary endothelium. The large sub-endocardial hemorrhages
resemble those sometimes seen to follow acute and severe shock and haemorrhage,
such as post-partum haemorrhage. The possible r6le of an acute vasomotor collapse,
or of asphyxia, is uncertain and cannot be excluded in the present case. There is
little to suggest a connection between the scattered and usually central lesions of
htmorrhagic pneumonia and a symptomatic purpuric condition, where subpleural
hWemorrhages are usually prominent.
An interstitial infiltration by mononuclear cells, lymphocytes, and especially
plasma cells has been described frequently in streptococcal infections and noted
sometimes in diphtheria (Brody and Smith, 1936). It is often best seen in the kidney
between the tubules, and especially around the arcuate veins in the boundary zone
of the kidney. It is then described as an acute interstitial nephritis. Esentially
similar lesions occur in the suprarenals, in the portal tracts of the liver, often along
the trabeculae of the spleen, and in the heart. Brody and Smith have produced
evidence that when these lesions occur in diphtheria, they always result from the
secondary streptococcal infections so frequent in these cases. In spite of the claim
of Smith et al. (1940), to produce these lesions experimentally in animals by strep-
tococcal fractions, this cannot yet be completely accepted. It is of importance,
however, to emphasize the frequency of secondary streptococcal infections. Even
in well-managed fever hospitals there is considerable and undesirable sharing of
streptococcal populations. One carrier of Group A streptococci in the ward-
population may be the cause of many complications. A case (A2684) dying from
acute bacterial endocarditis, due to a Group A streptococcus seven weeks after the
onset of diphtheria, is of interest.
Much work in recent years has been concerned with the differentiation of the
infecting organism into gravis, intermedius, and mitis strains, and the correlation
of this with the clinical severity of the disease. This differentiation should be made
not on one criterion, but on several. The colony form on a special medium
containing tellurite; the nature of the growth in broth and the fermentation of
starch are the more important criteria. Undoubtedly since 1927, a more severe
form of diphtheria has been prevalent in Europe and in some British cities. McLeod
et al. have found in fifty-one post-mortem examinations on typed cases, that
in general there is rather less local membrane with gravis or intermedius infections,
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fibrino - purulent necrosis, and penetrates deeper into the neighbouring tissues.
Death is more frequently due to toxic effects than to respiratory obstruction.
At present no pathological picture can be regarded as in any way specific for
this type of infection. O'Meara (1940, 1941) has suggested that in gravis infections
a second toxin or "substance B" is produced in relatively larger amounts. This
is not neutralised by the available anti-toxins, and facilitates the extension of the
local lesion and the continued discharge of toxin into the blood. This substance
B is probably concerned with alterations of the intercellular tissues, and facilitates
the spread of infection. It is probably not identical with the spreading factor
extracted by McClean and Duran-Reynals from other bacteria and the testes (see
McClean, 1941).
It may be confidently predicted that the therapeutic problems presented by these
hypertoxic cases will be overcome. But this case may serve as a reminder that no
therapy can reduce the death-rate unless cases are presented early to those com-
petent to make an early diagnosis. It is especially important that these persons
should at all times take every necessary step to make such a diagnosis. Especially
in children, the examination of the throat and tonsils can never safely be omitted.
J. E. M.
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REVIEW
FEARS MAY BE LIARS. By John M. Ryle, M.D. Pp. 95. George Allen &
Unwin. Price 3/6.
THE physician turned philosopher is always interesting, and whether one agrees with his philosophy
or not it has behind it much observation of man that renders it valuable. This little book contains
a series of six essays-Death and Dying, Life and Living, Two Kinds of Immortality, Pain, Fear,
and Philosophia Medici-obviously stimulated by the times in which we live. They represent a
courageous investigation of our beliefs about ourselves-an investigation based as far as possible
on the application of reason. Dr. Ryle's philosopy has something positive to contribute. "The
art of living here and now, rather than the habit of contemplation of a wish-fulfilment heaven, may
be the nobler thing to cultivate." "Science must learn that it has direct social and moral as well
as cultural and academic functions." "A little biology, a little physiology, a little pathology could
have helped them so much. Dogma and prayer and ritual have helped them so little."
One is stimulated to fresh thought and endeavour by the author's rationalism-not a deadly
materialism, but an inspired and inspiring materialism.
The weakest of the essays is the last, where we feel that the subject "Philosophia Medici" has
suffered artistically and practically from its polemic presentation. There is much to stimulate and
inspire in the book, and we recommend its perusal to all who are prepared to think.
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Fig. 1
The diphtheritic membrane is present
on the tonsils, where there is under-
lying necrosis, and on the pharynx
and larynx.
Fig. 2
Malpighian body in spleen, showing
nuclear debris lying among the break-
ing-down large mononuclear cells of
the secondary germinal centre. The
immediately adjacent sinusoids (A)
are packed with red blood cells.Studies from the Institute of Pathology-Case XI
Fig. 3
Diphtheritic membrane showing a fairly thick and coarse
fibrin reticulum. The spaces contain degenerated cells
and are small and rounded. (Mallory's phosphotungstic
acid haematoxylin.)
Fig. 4
Hyaline fibrinoid change in the wall of small vessels in
the submucosal tissue. Some inflammatory cells are also
present in the oedematous tissue. (Mallory's phospho-
tungstic acid haematoxylin.)